In vitro-in vivo correlation of inhalable budesonide-loaded large porous particles for sustained treatment regimen of asthma.
Large porous particles (LPPs) are well-known vehicles for drug delivery to the lungs. However, it remains uncertain whether or to which extent the in vitro drug release behavior of LPPs can be predictive of their in vivo performance (e.g., systemic exposure and therapeutic efficacy). With regard to this, three budesonide-loaded LPP formulations with identical composition but distinct in vitro drug release profiles were studied in vivo for their pharmacokinetic and pharmacodynamic behavior after delivery to rat lung, and finally, an in vitro/in vivo correlation (IVIVC) was established. All formulations reduced approximately 75% of the uptake by RAW264.7 macrophages compared with budesonide/lactose physical mixture and showed a drug release-dependent retention behavior in the lungs of rats. Likewise, the highest budesonide plasma concentration was measured for the formulation revealing the fastest in vitro drug release. After deconvolution of the plasma concentration/time profiles, the calculated in vivo drug release data were successfully utilized for a point-to-point IVIVC with the in vitro release profiles and the predictability of the developed IVIVC was acceptable. Finally, effective therapy was observed in an allergic asthma rat model for the sustained drug release formulations. Overall, the obtained in vitro results correlate well with the systemic drug exposure and the therapeutic performance of the investigated lung-delivered formulations, which can provide an experimental basis for IVIVC development in the pulmonary-controlled delivery system. STATEMENT OF SIGNIFICANCE: Large porous particles (LPPs) are well-known vehicles for drug delivery to the lungs. However, it remains uncertain whether or to which extent the in vitro drug release behavior of LPPs can be predicted by their in vivo performance (e.g., systemic exposure and therapeutic efficacy). With regard to this, three budesonide-loaded PLGA-based LPP formulations with identical composition but distinct in vitro drug release profiles were studied in vivo for their pharmacokinetic and pharmacodynamic behavior, and finally, an in vitro/in vivo correlation (IVIVC) was established. It was demonstrated that the influence of the in vitro drug release profile was obvious during lung retention, systemic exposure, and therapeutic efficacy measurements. An IVIVC (Level A) was successfully established for the budesonide-loaded LPPs delivered to the airspace of rats for the first time. Taken together, the present work will clearly support research and development activities in the field of controlled drug delivery to the lungs.